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This study focused on isolating important wood decay fungi from two field sites
located in Harrison County, MS, and Oktibbeha County, MS. Southern Yellow Pine
samples of various types and treatments including: Cu8, CuOm, ACQ, PCP, proprietary
organic biocide, and un-treated were collected, and fungal isolates were cultured. DNA
was extracted from isolated fungal cultures and amplified by polymerase chain reaction
(PCR). The internal transcribe spacer (ITS) region was sequenced, and fungal cultures
were identified by comparison to sequences on GenBank using BLAST. A total of 68
fungal isolates were recovered and successfully identified from 196 samples. Thirteen
basidiomycete isolates were identified, with Veluticeps fimbriata occurring most
frequently. The white-rot ascomycete, Daldinia fissa was also common.
Two sequence-specific oligonucleotide probes (SSOP) were designed using
Lasergene® PrimerSelect software. Unsuccessful attempts were made to attach poly
(dT) tails to the probes in order to cross link the probes to nylon membranes.
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CHAPTER I
INTRODUCTION

The treated-wood industry is currently under going some major changes. In
December 2003 there was an industry-wide voluntary ban on the use of chromated
copper arsenate (CCA) for treated wood to be used in residential settings. This ban came
about due to a growing public concern over arsenic leaching from CCA treated wood.
There is now a need to develop new organic biocides which exhibit more
environmentally benign characteristics (Evans, 2003). Although organic biocides in
general have a high level of biological activity, they also have a narrow range of activity.
Some decay fungi may show tolerance to certain compounds and not others, resulting in
disparities in the fungal control (Green and Clausen 2005). Also, these organic biocides
are relatively expensive (Goodell et al. 2003). Developing the most economical
combinations of benign chemicals while still maintaining acceptable efficacy requires a
thorough knowledge of the microorganisms associated with the degradation of wood.
Developing a method to rapidly identify decay fungi early in the decay process is
necessary to future wood preservation research. One means of rapidly identifying decay
fungi is by using identification membranes with immobilized sequence specific
oligonucleotide probes (SSOPs). This DNA polymerase chain reaction (PCR)-based
method eliminates the need for traditional fungal isolation, which can take an extended
1

amount of time (Oh et al. 2003). SSOPs can rapidly and accurately identify decay fungi
at the species level with a total sample assay time of less than eight hours. This method
also allows for membranes to be designed for specific field sites (Saiki et al. 1989). In
order for an identification membrane to be designed for a specific site, we must know
what decay fungi are present.
The objectives of this study were to a) isolate the most important wood decay
fungi from the Dorman Lake, MS site and the Saucier, MS site, b) identify the fungi
isolated from the two sites through traditional and molecular methods and c) develop
SSOP identification membranes for the two sites.
The two field sites included in this study were the Dorman Lake, MS site which is
listed as a decay hazard 4 (high) by the AWPA (2002) and the Saucier, MS site which is
listed as a decay hazard 5 (severe) by the AWPA (2002). Both of these sites have been
extensively used to test wood preservatives for more than twenty years.

2

CHAPTER II
LITERATURE REVIEW

The biological deterioration of wood by decay fungi is a complex system of
biochemical reactions which function in a synergistic manner, to utilize food sources
found in wood cell wall components. There is a consortium of different fungal species
that inhabit soil and wood in the natural environment. With at least 70,000 species
described and possibly twenty times more species that are predicted to exist, fungi are
very abundant (Sylvia et al. 2005). There inevitably will be a variety of fungal species on
any given sample of decayed or decaying wood found in an exposed natural environment
(Eaton and Hale 1993). Wood-decay fungi are able to break down the wood cell wall
components: cellulose, hemi-cellulose, and lignin. Chemical breakdown of these
compounds is made possible by various biochemical processes that result in the
production of extracellular enzymes (Eaton and Hale 1993). Decay fungi can render
wood structurally unsound relatively quickly (Green and Highley 1996). In order for
wood to be a viable construction material it must be able to exhibit a service life long
enough to be considered economical. In order for wood to achieve an adequate and
consistent service life, wood decay fungi must be stringently controlled. This is
especially important for outdoor uses such as utility poles and marine pilings.
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Wood Preservation
The necessary protection from microorganisms can be obtained by incorporating
the use of wood preservatives. Wood preservatives inhibit key biological processes
necessary to the growth and development of decay fungi. These processes include but
are not limited to respiration, biosynthetic reactions, and cell division (Eaton and Hale
1993). Wood preservatives, which can be pure chemicals or combinations of chemicals,
create a toxic environment in the wood making it an unacceptable food substrate for the
fungi (Hunt and Garratt 1967).
There are several qualities, other than increased durability, which a wood
preservative needs to exhibit in order to be considered viable. One important quality is
safety, while handling and while in use. There are many different types of wood
preservatives, which can be separated into two main classifications: oil borne and water
borne. Under each classification there are many different formulations. One
preservative, chromated copper arsenate (CCA), has recently been the subject of much
debate. CCA is a water borne compound that has been used to protect wood since the
1930s. The use of CCA preservatives grew rapidly since their inception due to their
ability to effectively control mold, fungi, insects, and marine borers, thus giving wood
products a service life of at least thirty years. However, in 1985 lawsuits claiming
exposure to CCA-treated wood resulted in various illnesses began to surface. A growing
concern of arsenic leaching from CCA treated wood spurred a legal debate which
culminated on 1 January 2004 with a voluntary, industry-wide ban on the use of CCA to
treat wood intended for residential use (Gerstein and Zaccaria 2004).

4

Another important quality is compatibility with various types of metal fasteners
(Hunt and Garratt 1967). After CCA was banned from residential use other copper based
preservatives have been used in its place. Alkaline copper quat (ACQ) is one of the most
popular alternatives to CCA. Though ACQ does provide adequate wood protection, it
lacks compatibility with most types of metal fasteners, due to its extreme corrosiveness
(Lebow et al. 2003). Structures built with ACQ require the use of special fasteners, such
as stainless steel, ceramic coated and hot-dip galvanized fasteners, which are acceptable
for use with ACQ but they are relatively expensive.
It is critical to the future of wood preservation to develop new treatment systems
which offer efficient and economic protection while maintaining acceptable
environmental standards. Current research has placed an emphasis on developing new
organic biocides, which are more environmentally benign (Evans, 2003). These organic
biocides have a high level but narrow range of biological activity. Also, organic biocides
are relatively expensive (Goodell et al. 2003). Non-biocidal additives are being studied
as a way to increase the efficacy of organic biocides by hindering important biochemical
processes in fungal biology (Green and Schultz 2003). Some species of decay fungi can
tolerate chemical compounds, which other species cannot tolerate (Green and Clausen
2005). Various chemical tolerances among fungal species in combination with the
narrow range of biological activity of organic biocides can result in disparities in the
control of fungi. In order for organic biocides to be both efficient and economic they
must be used in the best possible combinations. Chemical tolerances can be highly
variable among fungal species. The fungal species Wolfiporia cocos has even been
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studied as a possible means for the bioremediation of waste wood treated with copper
based preservatives (De Groot and Woodward 1999).
Due to the varying chemical tolerances among fungal species, a thorough
knowledge of fungal/chemical interactions is needed to help determine the most effective
combinations. The ability to quickly assay a sample of decaying wood for the presence
of certain species of decay fungi would be very beneficial in wood preservation research.
Such an assay would significantly shorten the period of time needed to test new
preservative formulations. Currently, the most commonly used method to identify
microorganisms from wood samples is traditional isolation and morphological
identification. However, this method has several flaws. In addition to requiring a large
amount of time, it is also easily subject to human error. Traditional isolation techniques
using nutrient rich agar and liquid media are not only time consuming but also yield an
incomplete representation of microorganisms present. This is because some
microorganisms are not culturable (Harwood and Buckley 2008). After pure fungal
cultures have been isolated they still can be incorrectly identified when using
morphological methods, due to human subjectivity. Though this method has its
limitations, it has provided a base knowledge of fungal taxonomy which can be utilized
for the development of molecular fungal identification methods.

Fungal Taxonomy
Three of the existing seven phylogenetic kingdoms include fungi (Lutzoni et al.
2004). The kingdom of Eumycota represents what is known as the true fungi and
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includes the Classes of Chytridiomycota, Zygomycota, Ascomycota, and Basidiomycota
(Lutzoni et al. 2004).
Two phylogenetic Classes encompass the organisms responsible for the three
types of rot associated with wood deterioration. These organisms can be found in the
Classes Basidiomycota and Ascomycota. In the natural fungal community, wood is
primarily affected by several types of mold fungi, of which the majority are found in the
Ascomycota. Though, not structurally damaging to the wood, they can detract
significantly from the woods appearance. Wood-destroying fungi are characterized as
either, brown rots, white rots, or soft rots based on the physical and chemical changes the
wood substrate exhibits. Basidomycetes cause both brown and white rots. Brown rots
attack the cellulose and hemi-cellulose in the cell wall leaving behind a modified lignin
that is brown with a characteristic block-like appearance. There is also a special type of
brown rot known as dry rot caused by water-conducting fungi. White rot fungi attack
cellulose and lignin leaving the wood with a characteristic light color and stringy texture.
The ascomycetes contain the soft rot fungi. Soft rots attack the cellulose and hemicellulose in the cell wall, but are different from the basidomycetes in that they tunnel
along the grain primarily in the S2 layer as opposed to penetrating the cell walls
transversely via pits and bore holes (Panshin and de Zeeuw 1949).
When attempting to morphologically identify fungi, there are several things to
investigate in order to conclude what species is in question. Other than decay patterns,
spore and hyphal characteristics are two main sources of identification information.
Depending upon the species, the hyphae may be septated or coenocytic. If septation is
present it may be simple, as in ascomycetes, or dolipore, as in basidiomycetes. Also,
7

basidiomycetes exhibit clamp connections between hyphal sections. Fungi can exhibit
both sexual and non-sexual stages known as teleomorphs and anamorphs respectively.
Ascomycetes have sexual spores call ascospores, which are formed in ascocarps. They
also have asexual spores called conidia, which are formed in a conidiophore.
Basidiomycetes form basidia, which can produce four sexual spores called basidiospores
(Sylvia et al. 2005). It is important to realize that various conditions can have adverse
effects on the otherwise normal behavior of fungi. In culture, it is very difficult to
distinguish among species of basidiomycetes because they do not form sexual spores and
rarely form asexual spores. This makes morphological identification very difficult.
Many fungal genera show intra-species variations in growth rate, temperature optima and
decay efficiency. Thus, a species-specific knowledge must be gathered in order to
accurately identify fungi in all possible growth conditions (Hogberg and Land 2004). A
method of identification not requiring species specific knowledge or producing pure
cultures would require less time to learn and use, therefore could be of significant value
in wood preservation research.

Molecular Methods
As an alternative to morphological identification methods, molecular biology
techniques are being applied to this area of research. Techniques including DNA
polymerase chain reaction (PCR), DNA sequencing, and restriction fragment length
polymorphism (RFLP) and denaturing gradient gel electrophoresis (DGGE) are some of
the methods being utilized to further wood preservation research (Johannesson and
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Stenlid 1999). RFLP is a method of genetic fingerprinting in which a DNA sequence is
cut into specific fragments using certain enzymes known as endonucleases. These
fragments can be separated based on their molecular weight, using agarose gel
electrophoresis. The RFLP method has been shown to be a means to reliably identify
some fungi at the species level (Jasalavich et al. 2000). The DGGE method is also a
means of genetic fingerprinting. This method relies on partially denaturing double
stranded DNA in order to change its mobility through an agarose gel. The exact
temperature at which denaturing occurs is dependent on the sequence. The DGGE
method is being used to analyze microbial communities (Smalla et al. 2007).
A method using immobilized sequence-specific oligonucleotide probes (SSOP)
has the ability to identify fungal species (Saiki et al. 1989). This method can also
circumvent the need for traditional isolation of fungal cultures for the purpose of
identification (Oh et al. 2003). Oh et al. (2003) utilized the SSOP method to identify
eleven different known fungal species from both pure culture and mixed culture samples.
The SSOP method involves attaching oligonucleotide probes to a nylon membrane that
can be customized for certain applications including specific study sites. Each membrane
can be designed using fungal species known to be present at specific testing sites.
However, this mandates that the fungal species at a specific site must be traditionally
isolated or at least known to be present, which presents one disadvantage of the SSOP
method. Another disadvantage includes the several molecular steps which are needed
when developing the SSOP membrane. The techniques involved include extraction of
genomic DNA, PCR amplification of a suitable DNA fragment, and sequencing.
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PCR
PCR is a molecular biology technique developed by Kary Mullis (Mullis et al.
1986). This technique makes possible the amplification of select DNA fragments. In this
study the region known as the internal transcribed spacer (ITS) is targeted for
amplification. The ITS region of fungal DNA is conserved enough to allow for
consistent sequencing and is also variable enough to provide specificity between species.
A PCR reaction consists of around twenty to forty thermal cycles. Each cycle doubles
the targeted DNA fragment. This exponential amplification results theoretically in one
million copies of the target DNA after only twenty cycles (Karcher, 1994). Each cycle of
a PCR reaction has three separate phases: denaturation, annealing and extension. During
the denaturation phase, the double stranded template DNA is separated into two single
stranded molecules. In the annealing phase, the oligonucleotide primers attach to the
single stranded molecules at the specific sites for which they were designed. During the
extension phase, Taq polymerase begins to replicate the original double stranded
molecule (Delidow et al. 1996).
DNA Sequencing
DNA sequencing involves using biochemical methods to determine the order of
nucleotide bases in a DNA molecule. Since the early 1970’s several methods have been
studied with varying success. One of the earliest organisms sequenced was a
bacteriophage MS2. Some early sequencing methods include Maxam and Gilbert’s
(1976) development of a chemical procedure where phosphorus molecules that comprise
the backbone of DNA were replaced with radioactive phosphorus isotopes and then
resolved onto a polyacrylamide gel. Sanger et al. (1977) introduced a similar method, but
10

with the incorporation of chain-terminating inhibitors of DNA polymerases. The
utilization of Taq polymerase by Innis et al. (1988) greatly increased the efficiency of
sequencing reactions. Today sequencing reactions can utilize fluorescent labels as
opposed to radioactive isotopes. Modern sequencing machines have automated
capabilities, which utilize capillary electrophoresis and laser fluorescent detection.
Computer technology is used to view and analyze the sequence data, eliminating the need
for autoradiography. When sequencing DNA, each sequence must be generated in both
the forward (3’ to 5’) and reverse (5’ to 3’) directions. Both directions of the sequence
should be the same, only reversed. To insure the accuracy of the sequencing reaction
both the forward and reverse sequences must be used to form a consensus sequence.

GenBank
GenBank® is an online genetic database which contains all publicly available
sequences from many genres of biological sciences. Built by the National Center for
Biotechnology Information, GenBank® is part of the International Nucleotide Sequence
Databases collaboration. Currently there are more than sixty-five billion nucleotide bases
listed from over sixty one million sequences. Researchers from around the world can
submit sequences to GenBank® electronically so that they can be viewed and utilized by
other researchers. The GenBank® submission process requires that each sequence
submitted is accompanied with certain information describing the organism it came from
and a list of relevant genetic information (Benson et al. 2005).
Researchers wanting to identify unknown organisms can use the BLAST
sequence-similarity search to match the unknown organisms sequence with a known
11

sequence on GenBank® (Benson et al. 2005). GenBank® serves as one of three
worldwide databases. The other two databases are the DNA Database of Japan (DDBJ)
and EMBL Data Library in Europe (Benson et al. 2005). The GenBank® database
contains all publicly available nucleotide and amino acid sequences (Hogberg and Land,
2004). GenBank® is a very powerful tool for molecular biology research, its popularity
is growing very quickly since many journals now require that any genetic sequences
discussed in an article to be posted in a public database.

SSOP Membranes
Once an amplified sample of target DNA has been sequenced and identified a
sequence-specific oligonucleotide probe (SSOP) can be designed. The probe is similar to
a PCR primer but is much more specific.
Like the PCR primer, the probe is used to hybridize to the target DNA. The
probe, however, is designed to hybridize with DNA of only a single taxon. Theoretically,
a single incorrect base pair is enough to stop the probe from hybridizing. This specificity
is what makes SSOP membranes a fast and reliable method for the screening of
individual species of wood decay fungi. After the probe is designed, it can be fixed to a
nylon membrane via UV cross linking. The membranes can be affixed with many
different species probes, thus enabling them to be customized for specific field sites. A
single composite sample can be screened for as many species as are on the membrane.
However, before hybridization, the PCR product must undergo a type of labeling
reaction. This is so the probe/PCR product complex can be detected. There are several
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types of labeling methods. Some utilize radioactive isotope labels while another option is
biotin/streptavidin systems.
Homopolymer Tailing. There is a possibility of loss in hybridization specificity
if the probe alone is bound to the membrane. Before binding to the nylon membrane a
long (~400 bases) homopolymer deoxyribothymidine (poly (dT)) tail is added to the 3’
end of the oligonucleotide probe. The poly (dT) tail provides a larger target for UV
crosslinking and the thymidine preferentially reacts with the amines in the nylon. Also,
dTTP easily incorporates on the 3’ end of the oligonucleotide via a
deoxyribonucleotidyltransferase reaction (Saiki et al 1989).
Deoxyribonucleotidyltransferase is an enzyme which facilitates the synthesis of the poly
(dT) tail.
Biotin Labeling Systems. When labeling nucleic acids with Biotin, Psoralen
molecules can be used to increase the labeling efficiency. Psoralens are planar tricyclic
compounds which have a natural affinity for nucleic acids and intercalate between bases
in a manner similar to ethidium bromide. Biotin molecules are first bound to the
Psoralens, which then can be covalently bound to nucleic acids with exposure to long
wave length UV light. Preferential bonding occurs between the Psoralen molecules and
thymidines, uridines and cytidines in the nucleic acid. Once the PCR product is labeled
with Biotin it is ready to be hybridized to the probe. Once the hybridization reaction
takes place the probe/Biotin labeled PCR product must undergo a detection reaction
utilizing a Streptavidin-Alkaline Phosphatase. When Biotin reacts with an alkaline
Phosphatase a chemiluminescent light is emitted. This light signals that the probe
successfully hybridized with the target DNA, thus the species corresponding with the
13

probe is present in the sample. The chemiluminescent light is not permanent. It can be
recorded with traditional autoradiography techniques. Eastman Kodak® has developed
an autoradiography film specifically for chemiluminescent purposes. This film is
extremely sensitive so that it can detect the small amount of light emitted from the
chemiluminescent reaction. Once the film is developed it serves as a permanent record of
the assay results.
Once the membranes are constructed they will each contain several probes. Each
probe will be specific to a species of wood decay fungi which is known to be present at a
field site. When a sample of soil or decaying wood is taken from the field site, a
composite DNA sample can be extracted and used to screen each species represented by
the probes. The composite DNA sample may contain several species of wood decay
fungi. However, if a species of fungi present in the sample is one of the species
represented by the probes it will detected.
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CHAPTER III
METHODS AND MATERIALS

The Mississippi State University, Forest Products Laboratory, for many years has
used both the Dorman Lake, MS, and Saucier, MS, field testing sites for various wood
related experiments and trials. The durability of various species of wood, many types of
wood products and wood preservatives all have been tested on these sites.

Site Description
The two sites included in this study are the Dorman Lake, MS, site which is listed
as a decay hazard 4 (high) by the AWPA (2002) and the Saucier, MS, site which is listed
as a decay hazard 5 (severe) by the AWPA (2002). The Dorman Lake site is located in
Oktibbeha County at 33.341oN and 88.876oW. The Saucier site is located in the Harrison
National Forest in Harrison County at 30.631oN and 89.051oW.

Sampling Procedure
A wide variety of sample types were taken over a twelve month period beginning
in January of 2007. No sample set was created specifically for this study. Samples were
collected from several different ongoing studies and also included some natural woody
debris. Southern Yellow Pine was the only wood species collected. Several different
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sample types and treatments were collected (Table 1). Samples types included lap joints,
L-joints, stakes, above ground decking, and woody ground debris. Sample treatments
included untreated, copper eight, copper omadine, alkaline copper quat,
pentachlorophenol, and proprietary organic biocide. Samples were collected seasonally
dependent upon the amount of available material (Figure 1).

Table 1
Number of Each Sample Type and Treatment Collected from the Dorman Lake, MS and
Saucier, MS Field Sites
Sample Type
Lap joint/untreated
Stake/untreated
Stake/Cu8
Stake/CuOm
Stake/ACQ
Strip/untreated
Debris
Decking/untreated
Ljoint/PCP
organic biocide
Total

Dorman
6
11
5
3
6
20
30
0
0
0
81

Saucier
0
15
9
14
0
0
18
2
36
5
99

Total
6
26
14
17
6
20
48
2
36
5
180

Number of Samples Collected

70
60
50
Dorman

40

Saucier
30

Hilo

20
10
0
Jan-Mar

Apr-Jun

Jul-Sept

Oct-Dec

Figure 1
Number of Samples Collected From Each Location by Month
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Sample Processing
Samples were transported to the laboratory and logged in. The following
information was recorded: date collected, sample number, sample type, site from which
collected, and type(s) of decay visually present. When samples had been used in
previous and or contiguous studies, the already assigned number was recorded, while new
samples were given new numbers. Once the samples were logged in, they were prepared
for the fungal isolation process. Some samples were rasped with an ordinary carpenters
rasp to generate wood shavings. The wood shavings were placed into Fisher® 2.0 ml
conical screw cap tubes and stored at room temperature until plated. The wood shavings
were lightly sprinkled onto 2% malt extract agar (Difco® and Fisher®). Due to a lack of
control of unwanted organisms, such as molds and bacteria, the isolation method was
changed to a surface sterilization technique. The surface sterilization technique was as
follows: small fragments of wood were carefully carved out with a scalpel, soaked for
one to two minutes in 70% (v/v) ethanol/dH2O, excessive ethanol was burned off with a
low temperature flame and allowed to air dry for ten to twenty minutes. When the
fragments were dry to the touch they were placed onto the agar plates. This method not
only allowed for better control of unwanted organisms but also more accurate selection
from decay areas affecting the sample. Another measure taken to combat unwanted
organisms was the incorporation of anti-biotic agents into the agar. Benomyl was used to
inhibit the growth of micro fungi. A stock Benomyl solution was mixed (0.20g Benomyl
to 50ml sterile H2O) and added at 2ml per liter of malt extract agar (Zabel et al. 1982).
Tetracycline was used to inhibit the growth of bacteria. A stock Tetracycline solution
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was mixed (0.50g to 50ml of distilled H2O) and added at 5ml per liter of malt extract
agar. This selective media helps to control the micro fungi and bacteria without effecting
the targeted, wood-decay fungi.
The sample material was placed on the agar plate then wrapped in Parafilm® and
incubated at 280C. Each organism that began to grow was transferred onto a new agar
plate. This was continued until a pure culture was isolated onto an agar plate. Once a
pure culture was isolated it was transferred into malt extract broth and placed on a shaker
at room temperature. The fungi were allowed to grow until enough tissue was amassed
for a DNA extraction. The fungal tissue was then filtered with a vacuum filtration system
onto Whatman® #54 hardened filter paper and stored in a plastic vial at -700C until DNA
was extracted.

DNA Extraction
For DNA extraction a Macherey-Nagel NucleoSpin® Plant Genomic DNA
extraction kit was used. The extraction protocol used was a Nucleospin Plant Support
protocol for fungi (CTAB method) and was modified as follows. Homogenizing the
fungal tissue involved physically disrupting the cells enough to enable efficient cell lyses
by CTAB buffer. Homogenization of the sample included weighing out 0.05g – 0.10g of
fungal tissue and placing it into a 2.0 ml screw-cap tube. Two 2mm borosilicate glass
beads were placed in the tube with the sample, one below and one above the fungal
tissue. Next, 500µl of CTAB (pH=8), buffer, 17µl of RNAse A, and 17µl of Proteinase
K was added to the tube. The lysis buffer, CTAB, consisted of 2% CTAB, 100 mM Tris,
20 mM EDTA (Na2), 1.4 M NaCl and 1% PVP. Once all the components were added the
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tubes were placed onto a bead mill for three minutes. Homogenization was followed by
incubation at 600C for 45-60 minutes. The lysate mixture was then filtered with a
NucleoSpin filter column by centrifugation for five minutes at 13,000 RPM. The filtered
lysate was then clarified by adding it to an 850µl mixture containing 500µl of binding
buffer plus 350µl of ethanol, and vortexed. After clarification the DNA suspended in the
lysate was bound to a NucleoSpin plant column membrane. The DNA was then washed
twice, first with 400µl of wash buffer, centrifuged for one minute at 8,000 RPM, then
with 700µl wash buffer, centrifuged for one minute at 8,000 RPM. The membrane was
then dried by adding 200µl of wash buffer and centrifuging for two minutes at 13,000
RPM. The DNA was then eluted into a 1.5ml micro centrifuge tube by adding 100µl of
elution buffer, which was pre-heated to 700C, and allowed to incubate for five minutes at
room temperature followed by centrifugation for one minute at 8,000 RPM. Once the
DNA was extracted it was kept at -200C until needed for PCR amplification.

PCR Amplification
In order to perform a PCR reaction the sample DNA concentration must be
quantified. This was done using a NanoDrop® ND-1000 spectrophotometer. The
optimum DNA concentration was found to be 25ng/µl. However, successful
amplification of the ITS fragment occurred with concentrations as low as 2ng/µl.
Samples having a concentration higher than 25ng/µl were diluted with molecular grade
ddH20 to achieve a concentration of approximately 25ng/µl. After the sample DNA
concentrations were adjusted, 2.5µl were transferred into 0.5 ml micro PCR tubes. Next
a PCR master mixture was prepared. Initially the mixture included (per sample), 5µl of
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10X Thermophilic DNA Polymerase buffer, 8µl of MgCl2 (25 mM), 2µl of dNTP’s (10
mM total (2.5 mM each NTP)), 5µl of (10mM) ITS-1F primer
(5’CTTGGTCATTTAGAGGAAGTAA) (Gardes and Bruns 1993), 5µl of (10mM) ITS4NS primer (5’TCCTCCGCTTATTGATATGC) (White et al. 1990), 22µl of ddH2O and
0.5µl of Taq DNA polymerase (5 units/µl). The reaction mixture was later altered to
include 2µl of Bovine Serum Albumin (10mg/µl), which caused the volume of ddH20
added to be decreased to 20µl. Initially, 47.5µl of the mixture was added to each PCR
reaction tube containing 2.5µl of sample DNA and placed on a thermal cycler with heated
lid. An initial denaturing step (hot start) was later added. The hot start involved heating
just the DNA template at 940C for 4 minutes, removing the reaction tubes from the
thermal cycler and adding the reaction mix, then placing the reaction tubes back on the
thermal cycler for the remainder of the cycling protocol.
The cycling protocol was designed specifically for amplifying the ITS fragments.
The cycle was as follows, denaturing at 940C for 35 seconds, annealing at 550C for 55
seconds and extension at 720C for 1 minute. The reaction ran for 39 cycles, ending with
a final extension step of 720C for 10 minutes and then held at 40C. Once the PCR was
completed confirmation of target amplification was accomplished by using agarose gel
electrophoresis. Agarose gel electrophoresis was carried out by running 10µl of the PCR
product on a 5% low resolution agarose gel for 1 hour at126V. Once target amplification
was confirmed, the PCR product was purified in order to remove any unincorporated
primers and dNTPs. Purification was performed using a Macherey-Nagel NucleoSpin®
Extract II kit following the provided protocol. To adjust binding conditions 10µl of a
slightly alkaline buffer was added to the PCR product to return the volume to 50µl, then,
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100µl of binding buffer was added. The 150µl mixture was transferred into a centrifuge
column equipped with a silica membrane and centrifuged for 1 minute at 11,000 RPM.
The flow through was discarded and 600µl of was buffer was added to the column and
centrifuged for 1 minute at 11,000 RPM. The membrane was dried by centrifuging for 2
minutes at 11,000 RPM. The purified PCR product was eluted out of the column
membrane by adding 20µl of elution buffer and incubating at room temperature for 5
minutes before centrifuging for 1 minute at 11,000 RPM. Once the PCR product had
been purified, the concentration of DNA was again quantified by means of the
NanoDrop® ND-1000 spectrophotometer.

DNA Sequencing
For the sequencing reaction a Beckman-Coulter®, GenomeLab™ Dye Terminator
Cycle Sequencing Quick Start Kit and supplied protocol was used. Preparation of the
20µl sequencing reaction included mixing ddH2O and the purified PCR product to a
volume of 8.8µl. The target amount of PCR product was 33ng; this was achieved by
adjusting the concentration with the ddH2O. Each sample was subjected to both a
forward and reverse reaction. This was done by preparing two reactions for each sample.
The fungal primers ITS1-F and ITS4-NS were used for the forward and reverse reactions
respectively. DTCS Quick Start Master Mix was then added to each sample. With all the
components added the samples were placed on a thermal cycler with heated lid. The
thermal cycling protocol was as follows, denaturing at 96oC for 20 seconds, annealing at
50oC for 20 seconds and extension at 60oC for 4 minutes. The reaction ran for 30 cycles
and was then held at 4oC.
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Once the reaction was completed, a stop reaction solution was added, and the
DNA was separated out of the reaction mix using an ethanol precipitation method. The
stop solution was comprised of 2µl of 3M sodium acetate (pH 5.2), 2µl of 100mM Na2EDTA (pH 8.0) and 1µl of glycogen, per sample. DNA precipitation was performed by
adding to each sample 60µl of cold, 95% (v/v) ethanol/dH2O from a -20oC freezer and
immediately centrifuged at 13,000 RPM for 15 minutes. After the initial precipitation the
supernatant ethanol was removed by pipetting and the DNA was washed twice by adding
200µl of cold 70% (v/v) ethanol /dH2O from a -20oC freezer and immediately
centrifuging at 13,000 RPM for 2 minutes, each time removing the supernatant ethanol.
The samples were then placed on a heating block at 40oC until dry. Once dry, the
samples were re-suspended in the sample loading solution provided in the kit.
Once the DNA was re-suspended, it was transferred into a 96 well sample plate
and overlaid with one drop of light mineral oil supplied by the kit. The plate was then
loaded into a Beckman Coulter® CEQ 8000 automated genetic analysis system for
sequencing. The resulting data was then analyzed with DNASTAR software, giving the
nucleotide sequence of the sample. DNASTAR Lasergene® v 7.2 software suite was
used to further analyze the data. Each sample was sequenced in both the forward and
reverse directions in order to confirm the quality of the sequence. Lasergene® Megalign
program was used to align the forward and reverse sequences resulting in a consensus
sequence. The consensus sequence was then edited and Blast searched on GenBank
using the Lasergene EditSeq program. Blast search results included, overall
identification score, sequence uniqueness value, taxonomic identification, and sequence
match percentage.
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Probe Design
Once an important fungal species was identified, its genetic sequence was used to
design a species specific primer, also known as an oligonucleotide probe. Probes were
designed using the Lasergene® PrimerSelect program. Multiple sequences of the
identified species were compared so as to find a region as unique to the species as
possible. Once a probe was designed it was BLAST searched on GenBank in order to
check for specificity. Probes were synthesized by Sigma-Genosys.

Polymer dT Tailing Reaction
For the oligonucleotide probe to properly bind to the nylon membranes a long
homopolymer deoxythymidine (dT) tail must be bound to its three prime end. This
procedure was performed as described by Saiki et al. (1989). The protocol was as
follows: 200pmol of oligonucleotide 80nmol of dT, 60 units of terminal transferase
(TdT), 100µl of 5x potassium cacodylate buffer (pH7.6) were mixed in a reaction tube
and incubated for 60 minutes at 37oC. The reaction was stopped with 100µl of 10 mM
EDTA or by heating to 70oC for 10 minutes.

Psoralen-Biotin Labeling Reaction
An Ambion® BrightStar® Psoralen-Biotin labeling kit was used to label the PCR
product in order to detect the probe/PCR product hybridization. The manuacturere’s
protocol for a 10µl reaction was followed. A clean untreated 96 well plate was placed on
an ice bath. The PCR product was denatured by heating to 100oC for 10 minutes and
then rapidly cooling the mixture in either a dry ice/alcohol bath or a liquid nitrogen bath
to quickly freeze the sample. The lyophilized Psoralen-Biotin was reconstituted and
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added to the PCR product for irradiation. Until irradiated, the Psoralen-Biotin was
handled in reduced light conditions. The lyophilized Psoralen-Biotin was centrifuged for
15 second at 7,000x g and reconstituted in 33µl Dimethylformamide (DMF). Once
reconstituted, the solution was added to the PCR product. The PCR product (10 µl) was
thawed and 1 µl of the Psoralen-Biotin solution is added. The PCR product/PsoralenBiotin mixture was transferred to the 96 well plate on ice. The mixture was placed under
a 365 nm UV light source (Spectroline® Model ENF-24) and irradiated for 45 minutes.
The sample was diluted to 100 µl by adding 89 µl of TE buffer and transferred to a clean
microfuge tube. Next, 200 µl of Water-saturated 1-Butanol was added, vortex and
centrifuged for 1 minute at 7,000x g. The top layer of 1-Butanol was removed. The 1Butanol step was repeated. The Biotin-labeled PCR product was ready for use or storage
at -20oC for short term storage or -80oC for long term storage.

Preparation of Filters
Before hybridization can take place between the Biotin-labeled PCR product and
the oligonucleotide probe, the probe must first be bound to a nylon membrane. The
binding protocol used as described by Saiki et al. (1989) and was followed with the
exception of the dilution into 100 µl TE buffer. The tailed oligonucleotides was applied
to a positively charged nylon membrane (Ambion® BrightStar® -Plus) with a spotting
manifold (BioRad© BioDot™). The damp filters were placed on TE soaked paper pads
under a handheld UV light source (Spectroline® Model ENF-24) and irradiated at 254
nm for 1-2 minutes. The membranes were washed in 200 ml of 5X SSPE (1 x SSPE is
180 mM NaCl/10 mM NaH2PO4/1 mM EDTA, pH 7.2) with 0.5% NaDodSO4 for 30
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minutes at 55oC to remove unbound oligonucleotides. The membranes were ready for
use or stored at room temperature until needed.

Hybridization Reaction
To hybridize the oligonucleotide probe with the PCR product the hybridization
reaction described by Saiki et al. (1989) was used. Each membrane with bound
oligonucleotide probes was placed in 4 ml of hybridization buffer containing 5X SSPE,
0.5% NaDodSO4. The PCR product was denatured at 94oC for 5 minutes and added
immediately to the hybridization solution and then incubated at 55oC for 30 minutes.

Detection Reaction
Once the hybridization was complete the probe/PCR product was visualized by
using an Ambion® BrightStar® BioDetect™ kit according to its protocol. The supplied
protocol was used. The membrane was washed twice for 5 minutes in 1 ml wash
buffer/cm2 membrane per wash. The wash buffer was supplied as 5X, and diluted with
ddH2O prior to use. The membranes were incubated twice at room temperature for 5
minutes in approximately 0.5 ml blocking buffer/cm2 membrane/incubation. The
membrane was incubated for 30 minutes at room temperature in approximately 1 ml
blocking buffer/cm2 membrane. The Streptavidin-Alkaline Phosphatase (Strep-AP) was
prepared by mixing together 10 ml blocking buffer and 1 µl Strep-AP per 100 cm2
membrane. The membrane was incubated again for ten minutes at room temperature in
approximately 0.5 ml blocking buffer/cm2 membrane. The membrane was washed 3
times in approximately 1 ml wash buffer/cm2 membrane/wash. The membrane was
incubated twice in approximately 0.5 ml 1X assay buffer/cm2 membrane/incubation. For
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signal development 5 ml/100 cm2 membrane CDP-Star® was added. Any excess CDPStar® was blotted off with filter paper. Peak light emission was reached in 2-4 hours,
and then fell to a plateau which persisted for several days.

Autoradiography
The chemiluminescent reaction must be recorded by using an autoradiographic
technique to capture the emitted light. Once the detection reaction has been performed
the membrane was placed into a film developing cassette (Kodak® BioMax™) along
with a special autoradiography film (Kodak® BioMax™), which is extremely sensitive,
enabling it to capture the small amount of light emitted from the detection reaction. The
film is blue light sensitive and must be handled in a dark room outfitted with a special
light (Kodak® Safelight) and filter (Kodak® GBX-2). The film was exposed overnight
at -70oC. After the film had been exposed, it was developed. The developing reaction
must take place in the dark room. The film was placed into a bath containing a
developing chemical (Kodak® GBX Developer) and then immediately placed into a bath
containing a fixer chemical (Kodak® GBX Fixer). The film was then hung and allowed
to air dry.
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CHAPTER IV
RESULTS AND DISCUSSION

A total of 68 fungal isolates were recovered and successfully identified from 196
samples which were collected from the Dorman Lake, Saucier, and Hilo test sites. All
samples collected were Southern Yellow Pine and consisted of several treatment types
including: Cu8, CuOm, ACQ, PCP, proprietary organic biocide, and un-treated.

Occurrence and Abundance of Fungal Isolates
Identification of the isolates revealed species belonging to three phyla, five
classes, thirteen orders, ten families, and twenty three genera. The three phyla
encountered were Zygomycota, Ascomycota, and Basidiomycota. The phylum
Zygomycota was the least significant and least frequently occurring with only two
isolates, each occurring once. The phylum of Zygomycota is separated into the two
classes of Zygomycetes and Trichomycetes. One Zygomycota species recovered was
located in the class Zygomycetes, while the other isolate was listed as uncultured. The
isolate located under the class Zygomycetes was Umbelopsis sp., which is found in the
order of Mucorales. Mucorales is the largest order in the class of Zygomycetes and is
characterized as saprobic, meaning they colonize dead or decaying matter such as dung,
fruits, stored grains, plants invertebrates and vertebrates including humans (Alexopoulos
1996). These organisms grow and sporulate quickly. Many species in the class
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Zygomycetes are known as “sugar fungi” due to a lack of ability to degrade complex
carbohydrates such as cellulose (Alexopoulos 1996). Even though the order Mucorales is
the most diverse and abundant of the seven orders Zygomycota, the fact that very few
zygomycetes were recovered was not unexpected due to the anti-biotic additives used in
the culturing media. The anti-biotic Benomyl was used specifically to inhibit these types
of primitive and fast growing fungal species. Also, the surface sterilization technique
used in the culturing method was a means for controlling these organisms.

Table 2
Taxonomy of Zygomycetes Isolated
Phylum

Class

Order

Family

Genera

Frequency

Zygomycota
Zygomycetes
Mucorales
Umbelopsis
Uncultured
sp.

1
1

The phylum Basidiomycota was the second most frequently occurring with 13
isolates representing four orders, four families, and eight genera. The primary focus of
the isolation efforts was to recover basidiomycetes. This is because the majority of wood
decay fungi are classified as basidiomycetes. Another recent study involving the same
two test sites, in which terminal-RFLP was utilized to analyze total fungal populations,
found that basidiomycetes comprised a much smaller part of the community when
compared to ascomycetes (Kirker 2008). This study showed similar results in that the
number of basidiomycete species isolated was quite low compared to the number of
ascomycete species. Each basidiomycete isolated was listed in the class of
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Agaricomycetes. The class Agaricomycetes is located under the Agaricomycotina. The
Agaricomycotina is divided into three groups including Tremellomycetes, Dacrymycetes,
and Agaricomycetes. The Agaricomycetes are the largest group containing 21 orders
(Hibbett 2006). The most frequently occurring basidiomycete orders found in this study
were Gloeophyllales and Polyporales with four isolates each, followed by Agaricales
with three isolates and Corticiales with two isolates. The order Gloeophyllales was
represented by four occurrences of Veluticeps fimbriata. This order contains brown-rot
fungi (Hibbett 2006). The order Polyporales was represented by two occurrences of
Fomitopsis sp., and two occurrences of Diplomitoporus lindbladii. This order contains
both brown and white-rot fungi (Hibbett 2006). Here, both brown and white-rot fungi of
this order are present with Fomitopsis sp and Diplomitoporus lindbladii respectively.
The order Agaricales was represented by two occurrences of Coprinus sp. and one
occurrence of Oudemansiella canarii. Coprinus sp. and Oudemansiella canarii are both
listed as white-rot causing fungi. The order Agaricales is known to contain both brown
and white-rot fungi (Binder and Hibbett 2006). The order Corticales was represented by
one occurrence of Phanerochaete sordida and one occurrence of Phlebia tremellosa.
Both species found here are known to cause white-rot decay in wood.
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Table 3
Taxonomy of Basidiomycetes Isolated
Phylum

Class

Order

Family

Genera

Species

Frequency

Psathyrellaceae

Coprinus
Coprinus
Oudemansiella

radians
sp.
canarii

1
1
1

Fomitopsis
Diplomitoporous

sp.
lindbladii

2
2

Phanerochaete
Phlebia

sordida
tremellosa

1
1

Veluticeps

fimbriata

4

Basidiomycota
Agaricomycetes
Agaricales

Tricholomataceae
Polyporales

Corticiales
Corticiaceae

Gloeophyllales
Gloeophyllaceae

The phylum Ascomycota was the most frequently occurring, with 50 isolates
representing four classes, eight orders, and 14 genera. The ascomycete class
Sordariomycetes was the most frequently occurring, accounting for four orders including;
Xylariales, Hypocreales, Boliniales and Sordariales, and eight genera. The order
Xylariales was represented by one occurrence of Nodulisporium sp., one occurrence of
Daldinia fissa, three occurrences of Biscogniauxia mediterranea and five occurrences of
un-identified Xylarialean sp. The order Hypocreales was represented by three
occurrences of Ophiocordyceps sinensis and five occurrences of Hypocrea lixii. The
order Boliniales was represented by five occurrences of Camarops ustulinoids. The order
Sordariales was represented by one occurrence of Fimetariella rabenhorstii. Also, the
family Magnaporthaceae was represented by two occurrences of Gaeumannomyces. The
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ascomycete class of Eurotiomycetes, was the second most frequently occurring
accounting for two orders including Chaetothyriales and Eurotiales, and four genera.
The order Chaetothyriales was represented by one occurrence of Cladophialophora arxii.
The order Eurotiales was represented by one occurrence of Neosartorya glabra, one
occurrence of Talaromyces trachyspermus, and four occurrences of Penicillium sp. The
classes Saccharomycetes and Leotiomycetes were the least frequently occurring
accounting for one order, and one genus each. The class Saccharomycetes was
represented by the order of Saccharomycetales, with two occurrences of Candida sp.
The class Leotiomycetes was represented by the order Helotiales with two occurrences of
uncultered Helotiaceae. Also, there were six occurrences of un-identified endophytes
and one un-identified soil species.
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Table 4
Taxonomy of Ascomycetes Isolated
Phylum

Class

Order

Family

Genera

Species

Frequency

Ascomycota
Sordariomycetes
Xylariales
Xylariaceae
Nodulisporium
Biscognauxia
Daldinia
Xylaria

sp.
mediterranea
fissa
sp.

1
3
1
6

Boliniaceae
Camarops

ustulinoides

5

lixii
sinensis

5
3

Lasiosphaeriaceae
Fimetariella

rabenhorstii

1

Magnaporthaceae
Gaeumannomyces

graminis

1

pefrohuensis
sp.

1
1

glabra
trachyspermus
miniolteum
pinophilum
sp.

1
1
1
1
2

Boliniales

Hypocreales
Hypocreaceae
Hypocrea
Ophiocordyceps
Sordariales

Saccharomycetes
Saccharomycetales
Candida
Candida
Eurotiomycetes
Eurotiales
Trichocomaceae
Neosartoya
Talaromyces
Penicillium
Penicillium
Penicillium
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Table 4 (Continued)
Phylum

Class

Order

Family

Genera

Chaetothyriales
Herpotrichiellaceae
Cladophialophora

Species

Frequency

arxii

1

Leotiomycetes
Helotiales
Unclassified

2

The ascomycete class Sordariomycetes is a large monophyletic clade which
contains over 600 genera and more than 3,000 known species (Zhang et al. 2006). This
class is both ubiquitous and cosmopolitan, and includes several pathogenic species as
well as several endophytes, mycoparasites, and saprobes which are involved in the
decomposition of organic material and nutrient cycling. Pathogenic species which are
found in the class of Sordariomycete include Cryphonectria parasitica, and Magnaporthe
grisea, the causal agents of chestnut blight and rice blast, respectively, and Ophiostoma
ulmi and O. novoulmi, the causal agents of Dutch elm disease (Zhang et al. 2006). The
class Sordariomycete also houses the order Xylariales, in which the family of
Xylariaceae is found. The Xylariaceae family contains many species which are known to
decay wood from both living and dead angiosperms (Alexopoulos et al. 1996). Also,
some Xylarialean species are known to cause white rot decay in wood.
Many ascomycetes are known to be endophytes of living plants. An endophyte is
defined as “a fungus that lives inside plant tissues without showing external signs of its
presence, like certain fungal parasites of pasture grasses that are toxic to animals that feed
on them” (Ulloa and Hanlin 2002). The orders Xylariales and Hypochreales are both
considered to be endophytic, occurring in trees and foliage respectively (Alexopoulos et
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al. 1996). Several of the genera that were identified are considered to be endophytes
including: Fimetariella, Hypoxylon, and Xylaria. The effects of fungal endophytes on the
host plant are extremely varied. Some endophytic fungal species produce compounds
such as alkaloids, which can act as metabolic inhibitors to insects and thus are beneficial
to the plant. In contrast some endophytic fungal species have been known to stunt plant
growth and or inhibit their sexual reproduction (Alexopoulos et al. 1996).

Comparison of Identified Fungal Isolates from the Two Test Sites
When comparing the identified isolates from both the Dorman Lake and Saucier
test sites, some similar species occurred (Table 2). Veluticeps fimbriata and several
Xylarialean species were recovered from both sites. Veluticeps fimbriata is a
basidiomycete and is known to cause brown rot decay in wood. Also, between the two
sites four Xylarialean genera were recovered including Xylaria, Nodulisporium,
Biscogniauxia and Daldinia. Cordyceps sinensis, a known parasite of arthropods, was
also found at both sites (Alexopoulos et al. 1996).

34

Table 5
Occurrence and Abundance of Similar Fungal Species by Family from the Dorman Lake,
MS and Saucier, MS Field Sites

Frequency

1
1
3
1
1
1
1
1
1
1
1
2

3
1
2
2
1
1
1
1
1
3
1

Species
Dorman
Viluticeps fimbriata
Phlebia tremellosa
Hypocrea lixii
Mucor sp.
Penicillium miniolteum
Penicillium pinophilum
Talaromyces
trachyspermus
Xylariaceae sp.
Xylariales sp.
Unidentifed Xylarialean
sp.
Nodulisporium sp.
Cordyceps sinensis
Saucier
Veluticeps fimbriata
Phanerochaete sordida
Hypocrea lixii
Mucoromycote sp.
Penicillium sp.
Xylariaceae sp.
Xylariales sp.
Soil Fungal sp. /
Xylarialean
Daldinia fissa
Biscogniauxia
mediterranea
Ophiocordyceps sinensis
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Division

basidiomycota
basidiomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota

basidiomycota
basidiomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota

Comparison of the two sites also showed occurrences of several dissimilar species
including seven different basidiomycetes and nine different identified ascomycetes
(Table 3). Basidiomycete species found at the Dorman Lake site included;
Oudemansiella canarii and Phlebia tremellosa which are both known to cause white-rot
decay in wood. Basidiomycete species found at the Saucier site included Coprinus
radians, Phanerochaete sordida and Diplomitoporus linbladii, all of which are known to
cause white rot decay in wood, and Fomitopsis sp., which is known to cause brown rot
decay in wood. Ascomycete species identified from the Dorman Lake site included;
Candida sp. Cladophialophora arxii, Fimetariella rabenhorstii, Hypoxylon, Neosartorya
glabra, and Helotiaceae. Ascomycete species identified from the Saucier site included;
Camarops ustulinoids and Pseudotaeniolina globosa.
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Table 6
Occurrence and Abundance of Dissimilar Fungal Species by Family from the Dorman
Lakes, MS and Saucier, MS Field Sites

Frequency

1
1
1
1
3
1
2
1
1
2
1
1
1

1
1
2
2
2
1
1
2
1

Species
Dorman
Oudemansiella canarii
Candida pefrohuensis
Candida sp.
Cladophialophora arxii
fungl endophyte, Hypoxylon
Neosartorya glabra
uncultured Helotiaceae
Soil Fungal sp.
fungal endophyte, Fimetariella
rabenhorstii
Foliar endophyte of Picea
glauca
Uncultured Ascomycete
Uncultured Zygomycete
Umbelopsis sp.
Saucier
Coprinus radians
Coprinus sp.
Diplomitoporus lindbladii
Fomitopsis sp.
Camarops ustulinoids
Pseudotaeniolina globosa
Fungal endophyte
Fungal endophyte
Picea glauca sp. (Foliar
endophyte)
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Division

basidiomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
zygomycota
zygomycota

basidiomycota
basidiomycota
basidiomycota
basidiomycota
ascomycota
ascomycota
ascomycota
n/a
n/a

Comparison of Preservative Treatments
Upon analysis, the various sample treatments yielded the fungal isolates listed in
Table 4. The samples treated with CuOm yielded one Penicillium sp. isolate and one
unidentified fungal endophyte. The samples treated with PCP yielded nine isolates from
three different orders, including the orders of Xylariales, Hypocreales and Polyporales.
Xylariales accounted for six isolates, while Hypocreales accounted for two isolates.
Polyporales accounted for the only basidiomycete found, was Fomitopsis sp. The
samples treated with Cu8 yielded one Mucoromycota sp isolate. The samples treated
with ACQ yielded six isolates from six different orders, including the orders Eurotiales,
Sordariales, Hypocreales, Mucorales, Gloeophyllales, and Agaricales. The orders
Gloeophyllales and Agaricales accounted for the only basidiomycete species with
Viluticeps fimbriata and Oudemansiella canarii respectively. The samples treated with
the organic biocide yielded 15 isolates from seven different orders, including the orders
Boliniales, Hypocreales, Agaricales, Corticiales, Polyporales, and Gloeophyllales. The
orders Polyporales and Gloeophyllales accounted for five different basidiomycete
isolates including Coprinus sp., Phanerochaete sordida, Diplomitoporus lindbladii,
Fomitopsis sp. and Veluticeps fimbriata. The samples which had no preservative
treatment yielded 32 isolates from eight different orders, including Boliniales, Xylariales,
Eurotiales, Saccharomycetales, Chaetothyriales, Hypocreales, Helotiales and
Corticiales. Corticiales accounted for the only basidiomycete isolate, with Phlebia
tremellosa.
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Table 7
Occurrence and Abundance of Fungal Species in Relation to Sample Treatments
Frequency

2
1
2
2
1
1
1
1
1
1
1
1
2
3
1
1
1
1
2
1
1
1
1
1
1

Species
Untreated
Camarops ustulinoids
Daldinia fissa
Mucoromycote sp.
Camarops ustulinoids strain
PR113
Fungal sp. / Penicillium sp.
Gaeumannomyces graminis
Uncultered Fungus Isolate
Foliar endophyte of Picea glauca
Neosartorya glabra
Candida pefrohuensis
Candida sp.
Cladophialophora arxii
Cordyceps sinensis
fungl endophyte, Hypoxylon
Nodulisporium
Penicillium miniolteum
Soil Fungal sp.
Talaromyces trachyspermus
uncultured Helotiaceae
Unidentifed Xylarialean sp.
Xylariacea sp.
Xylariales sp.
Phlebia tremellosa
Mucor sp.
Uncultured Zygomycete

3
1
1
1
1

ACQ
Penicillium pinophilum
Foliar endophyte of Picea glauca
Fimetariella rabenhorstii, fungal
endophyte
Hypocrea lixii
Uncultured Ascomycete
Viluticeps fimbriata
Oudemansiella canarii
Umbelopsis sp.

1
1

CuOm
Fungal endophyte
Penicillium sp.

1
1
1
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Division

ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
basidiomycota
ascomycota
zygomycota

ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
basidiomycota
basidiomycota
zygomycota

ascomycota
ascomycota

Table 7 (continued)
Frequency

Species

Division

3
2
1
1
1
1

PCP
Biscogniauxia mediterranea
Hypocrea lixii
Soil Fungal sp. / Xylarialean
Xylariaceae sp.
Xylariales sp.
Fomitopsis sp.

ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
basidio

1

Cu8
Mucoromycote sp.

ascomycota

1
1
1
2
1
3
2
1
1
1
1

Organic Biocide
Coprinus sp.
Coprinus radians
Phanerochaete sordida
Diplomitoporus lindbladii
Fomitopsis sp., palustris
Veluticeps fimbriata
Fungal endophyte
Picea glauca sp. (Foliar
endophyte)
Camarops ustulinoids
Ophiocordyceps sinensis
Pseudotaeniolina globosa

basidiomycota
basidiomycota
basidiomycota
basidiomycota
basidiomycota
basidiomycota
n/a
n/a
ascomycota
ascomycota
ascomycota

Comparison of Observed Decay and Isolated Decay Fungi

During this study fungal isolates were recovered from samples exhibiting several
types and combinations of decay (Table 5). The types of decay and combinations there
of included: white-rot, soft/white-rot, soft-rot, brown-rot, brown/white-rot, and some
samples showed no visual signs of decay.
Mucoromycota sp. was recovered from a sample which exhibited signs of whiterot decay once. No wood decaying species were recovered from this sample treatment
type.
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Twelve isolates were recovered from samples which displayed signs of both softrot and white-rot decay. From these isolates seven different species were recovered while
five were classified as wood decaying species. Four basidiomycetes were recovered
including Coprinus sp. which occurred twice and is classified as a white-rot fungus,
Fomitopsis sp. occurred once and is classified as a brown-rot fungus, and Phanerochaete
sordida occurred once and is classified as a white-rot fungus. Isolating the brown-rot
fungus Fomitopsis sp. while no visual signs of brown-rot were present could have
resulted from various reasons. The sample may have recently been colonized by
Fomitopsis sp., or possibly, its growth may have been inhibited by competition from
other fungal species present in the sample. These samples yielded one important
ascomycete, which was Xylariales sp., occurring once. Xylariales sp. is known to cause
white-rot decay in wood.
Nine isolates were recovered from samples which solely exhibited signs of softrot decay. From these samples seven different fungal species were recovered while two
were classified as wood decaying species. Both wood decay species recovered were
basidiomycetes. Phlebia tremellosa, a white-rot fungus, occurred once. Viluticeps
fimbriata, a brown-rot fungus, occurred once. No soft-rot species were recovered. The
surface sterilization technique used included submerging the wood sample into ethanol
and flaming. This technique is not meant to recover soft-rot fungi.
Five different fungal species were recovered from samples which exhibited signs
of both brown and white-rot decay. Of these five species three were classified as wood
decaying species. All three wood decaying species were basidiomycetes.
Diplomitoporus lindbladii, which is classified as a white-rot fungus, occurred once.
41

Fomitopsis sp. and Viluticeps fimbriata, which are both classified as brown-rot fungi,
both occurred once.
Only one isolate was recovered from a sample which exhibited signs of both
brown and soft-rot. The ascomycete Penicillium miniolteum was recovered once. No
wood decaying fungi were recovered from this sample treatment type.
Twenty nine isolates were recovered from samples which solely exhibited signs
of brown-rot decay. These samples yielded 17 different isolates, while four were
classified as wood decaying species. All four wood decay species recovered were
basidiomycetes. Diplomitoporus lindbladii and Oudemansiella canarii, which are both
classified as white-rot fungi, occurred once. Veluticeps fimbriata, classified as a brownrot species, occurred twice. In this case the white-rot fungi may have recently colonized
the sample, or possibly, was being inhibited by other fungal species present in the
sample.
Eleven isolates were recovered from samples which exhibited no visual signs of
decay. These samples yielded eight different species, while one was classified as a wood
decaying species. The ascomycete Daldinia fissa, which is classified as a white-rot
species, occurred once. This instance shows that the robust ability of the molecular
methods used are capable of detecting wood decay species present in a sample, while still
in the incipient stage of decay.
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Table 8
Occurrence and Abundance of Fungal Isolates in Relation to Various Types of Visually
Observed Decay
Visual
Decay
white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft
soft
soft
soft
soft
soft
soft
none
none
none
none
none
none
none
none
brown/white
brown/white
brown/white
brown/white
brown/white
brown/soft
brown
brown
brown
brown
brown
brown
brown

Species
Mucoromycote sp.
Biscogniauxia mediterranea
Hypocrea lixii
Soil Fungal sp. / Xylarialean
Xylariales
Coprinus sp.
Fomitopsis sp.
Phanerochaete sordida
Cordyceps sinensis
fungl endophyte, Hypoxylon
Mucor sp.
Neosartorya glabra
Nodulisporium
Phlebia tremellosa
Veluticeps fimbriata
Camarops ustulinoids
Cordyceps sinensis
Daldinia fissa
fungl endophyte, Hypoxylon
Mucoromycote sp.
Penicillium sp.
Soil Fungal sp.
Unidentifed Xylarialean sp.
Ophiocordyceps sinensis
Diplomitoporus lindbladii
Fomitopsis sp., palustris
Veluticeps fimbriata
Fungal endophyte
Penicillium miniolteum
Camarops ustulinoides
Candida sp.
Cladophialophora arxii
Foliar endophyte of Picea
glauca
fungal endophyte, Fimetariella
rabenhorstii
Fungal sp. / Penicillium sp.
Gaeumannomyces graminis

Division
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
basidiomycota
basidiomycota
basidiomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
basidiomycota
basidiomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
basidiomycota
basidiomycota
basidiomycota
n/a
ascomycota
ascomycota
ascomycota
ascomycota

Type of Decay
NonDecay
White Brown
1
3
2
2
1
2
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
1
1
1
1
4
2
1

ascomycota

3

ascomycota
ascomycota
ascomycota

1
2
1
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Table 8 continued
Visual
Decay
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown

Species
Hypocrea lixii
Pseudotaeniolina globosa
Talaromyces trachyspermus
Uncultured Fungus Isolate
Uncultured Helotiaceae
Diplomitoporus lindbladii
Oudemansiella canarii
Viluticeps fimbriata
Umbelopsis sp.
Uncultured Zygomycete

Division
ascomycota
ascomycota
ascomycota
ascomycota
ascomycota
basidiomycota
basidiomycota
basidiomycota
zygomycota
zygomycota

Type of Decay
NonDecay
White Brown
3
1
1
2
2
1
1
2
1
1

BLAST Search Results
The Basic Local Alignment Search Tool (BLAST) uses GenBanks’ multiple
databases to find regions of local similarity between genetic sequences and calculates the
statistical significance of matches (National Center for Biotechnology Information). The
estimated accuracy of species identification using GenBank is based on several values
which are used to calculate a total significance score. The significance score of the
sequence alignment is determined in part by the alignments’ E (expectation) value.
The E value represents the number of hits one can “expect” to find by chance (the
background noise) when searching a database of particular size (NCBI). The closer the E
value is to zero, the more significant the match is. E value also takes into account the
length of the search query and match percentage. This value is used instead of a P value
(Probability). The E value represents the number of sequences that the query may
randomly be aligned within a given database. This is essentially the amount of “noise” a
sequence alignment will infer. A low E value is critical for a confident identification.
The E value can also be adjusted to increase or decrease stringency. Very short
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sequences need a higher level of stringency due to the higher number of sequences it may
randomly align with.
Also, the length of the search query, and the total percentage of aligned
nucleotides are taken into account. The wood decaying isolates along with their BLAST
output data are listed in Table 6.
Table 9
Wood Decaying Fungal Species and Corresponding BLAST Search Output Data

species
Phlebia tremellosa
Daldinia fissa
Diplomitoporus lindbladii
Veluticeps fimbriata
Oudemansiella canarii
Fomitopsis sp., palustris
Veluticeps fimbriata
Veluticeps fimbriata
Fomitopsis sp.
Unidentifed Xylarialean
sp.
Coprinus sp.
Coprinus radians
Xylariales sp.
Xylariales sp.
Diplomitoporus lindbladii
Veluticeps fimbriata
Xylariaceae sp.
Xylariaceae sp.
Soil Fungal sp. /
Xylarialean
Phanerochaete sordida

Division
basidiomycota
ascomycota
basidiomycota
basidiomycota
basidiomycota
basidiomycota
basidiomycota
basidiomycota
basidiomycota

Score
1176
955
874
874
813
811
787
771
684

E-Value
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Match %
99
97.5
98.6
98.6
98
98.8
98.8
95
99.2

ascomycota
basidiomycota
basidiomycota
ascomycota
ascomycota
basidiomycota
basidiomycota
ascomycota
ascomycota

670
666
656
628
609
607
607
581
575

0.00E+00
0.00E+00
0.00E+00
7.00E-177
5.70E-171
2.60E-170
2.60E-170
1.20E-162
8.10E-161

96.3
97.3
97.9
91.1
91.6
97.3
97.3
96.2
96.6

ascomycota
basidiomycota

521
452

9.40E-145
9.50E-124

93.9
91.6
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Probe Design
In order to progress through the methods toward the final goal of the study, two
probes were designed before any wood decay fungi had been isolated and identified.
Two wood decay species were used that have previously been isolated from the Dorman
Lake test site. The two species used were Trametes elegans and Gloeophyllum
sepiarium. GenBank® was used to compile and align sequences for the design of the two
probes.
The probe for Trametes elegans was designed by aligning three files from
GenBank®. The GenBank® accession numbers for the three files were AY855912,
AY684178 and AY351925. Using the Lasergene® PrimerSelect software, a 20
nucleotide probe was designed which had a 5’ end to 3’ end sequence of
TTATCGCGGGTGTCCTCCTG.
The probe for Gloeophyllum sepiarium was designed by aligning six files from
GenBank®. The GenBank® accession numbers for the six files were AF527519,
AY089732, AJ420946, AJ344141, AF527519, AY089732 and AJ420946. Using the
Lasergene® PrimerSelect software, a 20 nucleotide probe was designed which had a five
prime end to three prime end sequence of TAACGAGTAAACAGGAGAGT.

Poly dT Tailing Reaction
Once the probes were synthesized, the first attempt was made at attaching the
homopolymer tail. The previously described tailing reaction protocol was carried out.
After the reaction was performed, the attachment of and length of the homopolymer tail
was confirmed by agarose gel electrophoresis and ethidium bromide. However, the
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electrophoresis gel showed no sign of a homopolymer tail of any length. The reaction
was attempted a second time with a single modification of the protocol. The length of
incubation time was increased from 60 minutes to overnight. The product was again
subjected to ethidium bromide agarose gel electrophoresis to confirm the reaction.
Again, the results were negative. No sign of homopolymer tailing was detected. A third
and final attempt was made to attach the homopolymer tails. The protocol was again
modified by increasing the incubation time to overnight. Also, the amount of transferase
(TdT) was increased to 120 units (4µl). Again, upon confirmation there were no signs of
homopolymer tailing presence.
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CHAPTER V
CONCLUSION

The objectives of this study were to a) isolate the most important wood decay
fungi from the Dorman Lake, MS site and the Saucier, MS site, b) identify the fungi
isolated from the two sites through traditional and molecular methods and c) develop
SSOP identification membranes for the two sites.

Summary of Fungal Results
Wood decay fungi typically include species located in the phylum Basidiomycota
with the exception of certain ascomycetes. Of the 68 fungal isolates identified, 20 were
listed as wood decaying species. There were 13 occurrences of basidiomycetes and seven
occurrences of wood decaying ascomycetes. The two test sites were found to have some
similar and some dissimilar fungal species present. The basidiomycete species Veluticeps
fimbriata was the only basidiomycete found to be present at both test sites while seven
different basidiomycete genera were found in total. Several Xylarialean species were
found to be present at both test sites. The Dorman Lake site yielded two basidiomycete
species, Oudemansiella canarii and Phlebia tremellosa, which were not found at the
Saucier test site. The Saucier test site yielded four basidomycete species, Phanerocheate
sordida, Coprinus sp., Diplomitoporus lindbladii and Fomitopsis sp., which were not
found at the Dorman Lake test site.
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There is no way of knowing when enough samples have been taken to fully
represent the total number of fungal species present at a given location. However, the
number of samples taken can be compared with the number of different species
accumulated, resulting in an estimated, degree of fungal species isolated from the total
number species present. This information can be seen when charted on a standard line
graph with the number of samples taken plotted on the x axis and the number of different
species accumulated, plotted on the y axis. The need for additional samples can be
estimated by the trend of the resulting curve. If the curve is increasing steeply it shows
that the rate of new species being isolated per sample is relatively high, thus indicating
more samples should be taken. In theory, when the slope of the curve decreases to zero it
indicates that all species able to be isolated have been recovered from the given location.
Four cumulative species curves were constructed for both the Dorman Lake and Saucier
test sites. Two curves were constructed which included all samples without preservative
treatment (Figure 2 and Figure 3) and two which included all samples with preservative
treatments (Figure 4 and Figure 5). Each cumulative species curve exhibits a slope which
indicates more samples of each type should be taken from both test sites in order to fully
represent the total fungal populations present. At this point it is still difficult to estimate
the total number of samples needed. Even at sixty four samples the slope of the resulting
curve is still increasing sharply (Figure 5). Thus, it is important to realize that a complete
representation of the test sites may not be possible to obtain.
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Figure 2
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Cumulative Species Curve for Untreated Samples Taken from the Dorman Lake, MS
Field Site
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Figure 3
Cumulative Species Curve for Untreated Samples Taken from the Saucier, MS Field Site
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Cumulative Species Curve for Preservative Treated Samples Taken from the Dorman
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Figure 5
Cumulative Species Curve for Preservative Treated Samples Taken from the Saucier, MS
Field Site
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Identification Membranes
In order to design a site specific identification membrane, species both relatively
unique and non-unique must be cataloged. Findings from this study show that an
identification membrane designed for the Saucier test site should contain probes for
Veluticeps fimbriata, Phanerocheate sordida, Coprinus sp., Diplomitoporus lindbladii,
Fomitopsis sp. and Daldinia fissa. Also, the several Xylarialean species found could
potentially be added to the membrane, but a more definitive identification may be
necessary. Daldinia fissa is one Xylarialean species which was fully identified. An
identification membrane designed for the Dorman Lake test site should contain probes for
Veluticeps fimbriata, Oudemansiella canarii, Phlebia tremellosa, Trametes elegans, and
Gloeophyllum sepiarium. The several Xylarialean species found could also potentially be
added, but require a more definitive identification.
This is not to say that these species alone would construct a complete
identification membrane for either test site. There is undoubtedly more, important wood
decay species present at each test site that were not isolated and identified in this study.
Some species present at the test site might not be culturable. This list does however
provide an established starting point for construction of the membranes.
The two probes designed for Gloeophyllum sepiarium and Trametes elegans are
significant steps in constructing these membranes. However, the failed tailing reaction
prevented any further progression of subsequent methods.
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Future Research
This study easily lends itself to further research. Probes can be designed for the
wood decay species that were found in this study. Also, isolations from the two test sites
are continuing and as more wood decay species are identified, they can be included in the
membrane design. The tailing reaction and subsequent methods have been proven to
work (Saiki, 1989). Further research efforts can realize the final objective of this study.
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#
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600
600
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866
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890
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890
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890
890
866
890
890
738
890
729
729

Status
For-Rv
For
For-Rv
For-Rv
Rev
For
For-Rv
For-Rv
Rev
For
For

For-Rv

For-Rv
For-Rv
Rev
For
For-Rv
For
For-Rv
For
For-Rv
For
For
For

D5545 ss1 B
D5545 ss3 A
D5569 NS-B_R
D5569 ss2 A_F
D5615 NS A
D5621 NS B_F
D5627 NS A
D5627 ss3 B_F
D8410a
D8417 ss2 A_F
DN1931ss_F
DN1938ssA_F

D5545 NS A

sample
Brownrot E2
Brownrot E3_F
Brownrot H1
Brownrot H1
Brownrot I_R
D0003A_F
D5539 NS A
D5539 ss3 A
D5539 ss3 B_R
D5539 ss4 A_F
D5539ss5 A_F

Dorman
Dorman
Dorman
Dorman
Dorman
Dorman
Dorman
Dorman
Saucier
Dorman
Saucier
Saucier

Dorman

Location
Dorman
Dorman
Dorman
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Dorman
Dorman
Dorman

acq
acq
acq
acq
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none
none
none
none
none
CuOm
CuOm
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none
none
none
none
none
acq
acq
acq
acq
acq

brown
brown
brown
brown
none
soft
soft
soft
none
soft
none
none

brown

Visual
Decay
brown
brown
brown
brown
brown
none
brown
brown
brown
brown
brown

Raw Data

A.1

Foliar endophyte of Picea glauca
fungal endophyte, Fimetariella
rabenhorstii
Umbelopsis sp.
Hypocrea lixii
Penicillium pinophilum
Xylariaceae sp.
Mucor sp.
Phlebia tremellosa
Neosartorya glabra
Mucoromycote sp.
Foliar endophyte of Picea glauca
Fungal endophyte
Penicillium sp.

species
Candida pefrohuensis
Candida sp.
uncultured Helotiaceae
uncultured Helotiaceae
Uncultured Zygomycete
Unidentifed Xylarialean sp.
Hypocrea lixii
Oudemansiella canarii
Hypocrea lixii
Veluticeps fimbriata
Uncultured Ascomycete
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Status
For-Rv
For-Rv
For-Rv
For-Rv
For-Rv
For-Rv
For-Rv
For-Rv
For-Rv
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For-Rv
For-Rv
For-Rv
For-Rv
For-Rv
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For-Rv
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For-Rv
For-Rv
For-Rv
Rev
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Rev
Rev
For
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#
729
729
729
729
729
729
729
729
738
738
738
738
738
738
738
738
890
866
866
866
738
866
866
866
866
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sample
DS22
DS24
DS25ssA
DS25ssB
DS27ssB
DS38ssB
DS39
DS4 ssA
J166Aa
J184Ba_F
J720Aa
J720Bb
J774Aa
J7808a
J942Ba
J944 Aa_R
J98 Aa
Metal tip B_R
Metal tip NS mid
Metal tip s end A
N2063a
N7389 s mid A_R
N7389 s mid A_R
N7389 s mid A_R
N7389 s mid A_R
N7389 s mid B_F

Location
Dorman
Dorman
Dorman
Dorman
Dorman
Dorman
Dorman
Dorman
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier
Saucier

Trt.
none
none
none
none
none
none
none
none
penta
penta
penta
penta
penta
penta
penta
penta
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organic
organic
organic
Cu8
organic
organic
organic
organic
organic

Visual
Decay
none
soft
soft
soft
soft
none
none
none
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
soft/white
white
brown
brown
brown
brown
soft

A.1 (continued)
species
Cordyceps sinensis
Cordyceps sinensis
Nodulisporium
fungl endophyte, Hypoxylon
fungl endophyte, Hypoxylon
Soil Fungal sp.
Xylariales sp.
fungl endophyte, Hypoxylon
Soil Fungal sp. / Xylarialean
Biscogniauxia mediterranea
Hypocrea lixii
Hypocrea lixii
Biscogniauxia mediterranea
Biscogniauxia mediterranea
Xylariaceae sp.
Xylariales sp.
Fomitopsis sp.
Coprinus radians
Phanerochaete sordida
Coprinus sp.
Mucoromycote sp.
Diplomitoporus lindbladii
Veluticeps fimbriata
Foliar endophyte of Picea glauca
Fungal endophyte
Veluticeps fimbriata
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738
738
629
738
729
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890
890
738
729
629
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For-Rv
For-Rv
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For-Rv
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For-Rv
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For-Rv
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For-Rv
For-Rv
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N9725ss
N9730ss_F
N9731ss_F
N9732A
N9734B1
N9745ss
S0001ssA
S0001ssB_F

N9720 A

sample
N7528 NS
end_R
N7528 NS
end_R
N7528 NS
end_R
N7528 NS mid B
N7528 NS mid B
N7529 s mid A
N9710C
N9710D_F
N9711ss

Hilo
Saucier
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Hilo
Hilo
Saucier
Saucier
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Saucier
Saucier
Saucier
Saucier
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Dorman
Dorman

Saucier
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Location

none
none
none
none
none
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organic
organic
organic
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none
none
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brown
brown
brown
brown
brown
none
none

brown

brown/white
brown/white
brown/white
brown
brown
brown
brown/soft

brown/white

brown/white

Visual
Decay

A.1 (continued)

Fungal endophyte
Fomitopsis sp., palustris
Ophiocordyceps sinensis
Pseudotaeniolina globosa
Cladophialophora arxii
Talaromyces trachyspermus
Penicillium miniolteum
Camarops ustulinoids strain
PR113
Camarops ustulinoids strain
PR113
Camarops ustulinoids
Uncultered Fungus Isolate
Fungal sp. / Penicillium sp.
Camarops ustulinoides
Gaeumannomyces graminis
Daldinia fissa
Camarops ustulinoids

Veluticeps fimbriata

Diplomitoporus lindbladii

species
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uncultured Helotiaceae
uncultured Helotiaceae
Uncultured Zygomycete
Unidentifed Xylarialean sp.
Hypocrea lixii
Oudemansiella canarii
Hypocrea lixii
Veluticeps fimbriata
Uncultured Ascomycete
Foliar endophyte of Picea
glauca
fungal endophyte,
Fimetariella rabenhorstii
Umbelopsis sp.
Hypocrea lixii
Penicillium pinophilum
Xylariaceae sp.
Mucor sp.
Phlebia tremellosa
Neosartorya glabra
Mucoromycote sp.
Foliar endophyte of Picea
glauca

Brownrot H1
Brownrot H1
Brownrot I_R
D0003A_F
D5539 NS A
D5539 ss3 A
D5539 ss3 B_R
D5539 ss4 A_F
D5539ss5 A_F

D8417 ss2 A_F

D5545 ss1 B
D5545 ss3 A
D5569 NS-B_R
D5569 ss2 A_F
D5615 NS A
D5621 NS B_F
D5627 NS A
D5627 ss3 B_F
D8410a

D5545 NS A

species
Candida pefrohuensis
Candida sp.

sample
Brownrot E2
Brownrot E3_F

asco

asco
zygo
asco
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asco
asco
basidio
asco
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asco

asco
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zygo
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basidio
asco
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asco
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asco
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Score
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5.30E-134
2.70E-137
0.00E+00
1.90E-91
1.20E-162
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

2.80E-151
4.80E-122
0.00E+00
0.00E+00
6.40E-153
0.00E+00
6.70E-33
0.00E+00
0.00E+00

Expected Error
1.50E-63
1.50E-63

96.4

91.4
94.9
99.5
95
96.2
96.8
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97.4
97.9

94.7
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94.7
96.8
96.3
97.2
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98.8
97.3
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%
94.6
94.6
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DN1931ss_F
DN1938ssA_F
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DS39
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J184Ba_F
J720Aa
J720Bb
J774Aa
J7808a
J942Ba
J944 Aa_R
J98 Aa
Metal tip B_R
Metal tip NS mid
Metal tip s end A
N2063a
N7389 s mid A_R
N7389 s mid A_R

species
Fungal endophyte
Penicillium sp.
Cordyceps sinensis
Cordyceps sinensis
Nodulisporium
fungl endophyte, Hypoxylon
fungl endophyte, Hypoxylon
Soil Fungal sp.
Xylariales sp.
fungl endophyte, Hypoxylon
Soil Fungal sp. / Xylarialean
Biscogniauxia mediterranea
Hypocrea lixii
Hypocrea lixii
Biscogniauxia mediterranea
Biscogniauxia mediterranea
Xylariaceae sp.
Xylariales sp.
Fomitopsis sp.
Coprinus radians
Phanerochaete sordida
Coprinus sp.
Mucoromycote sp.
Diplomitoporus lindbladii
Veluticeps fimbriata
Foliar endophyte of Picea
glauca
Fungal endophyte
n/a
n/a

Division
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
asco
basidio
basidio
basidio
basidio
asco
basidio
basidio

A.2 (continued)

575
874

Score
753
216
1059
904
801
565
577
591
628
684
521
815
519
971
684
575
575
609
684
656
452
666
858
874
874
9.80E-161
0.00E+00

Expected
Error
0.00E+00
1.20E-52
0.00E+00
0.00E+00
0.00E+00
1.10E-157
2.40E-161
1.50E-165
7.00E-177
0.00E+00
9.40E-145
0.00E+00
4.00E-144
0.00E+00
0.00E+00
8.20E-161
8.10E-161
5.70E-171
0.00E+00
0.00E+00
9.50E-124
0.00E+00
0.00E+00
0.00E+00
0.00E+00
93.6
98.6

Match
%
94.8
96.9
99.5
96.8
97.8
94.3
93.2
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91.1
92.2
93.9
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92.9
97.7
96.6
91.6
99.2
97.9
91.6
97.3
98.9
98.6
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N9730ss_F
N9731ss_F
N9732A
N9734B1
N9745ss
S0001ssA
S0001ssB_F
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sample
N7389 s mid B_F
N7528 NS end_R
N7528 NS end_R
N7528 NS end_R
N7528 NS mid B
N7528 NS mid B
N7529 s mid A
N9710C
N9710D_F
N9711ss

species
Veluticeps fimbriata
Diplomitoporus lindbladii
Veluticeps fimbriata
Fungal endophyte
Fomitopsis sp., palustris
Ophiocordyceps sinensis
Pseudotaeniolina globosa
Cladophialophora arxii
Talaromyces trachyspermus
Penicillium miniolteum
Camarops ustulinoids strain
PR113
Camarops ustulinoids strain
PR113
Camarops ustulinoids
Uncultered Fungus Isolate
Fungal sp. / Penicillium sp.
Camarops ustulinoides
Gaeumannomyces graminis
Daldinia fissa
Camarops ustulinoids
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asco
asco
asco
asco
asco
asco
asco

asco

Division
basidio
basidio
basidio
n/a
basidio
asco
asco
asco
asco
asco

A.3

361
361
1023
716
361
268
955
361

293

Score
771
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607
607
811
755
498
718
212
632

2.10E-96
2.70E-96
0.00E+00
0.00E+00
2.30E-96
2.10E-68
0.00E+00
2.60E-96

4.40E-76

Expected
Error
0.00E+00
2.60E-170
2.60E-170
2.60E-170
0.00E+00
0.00E+00
1.30E-137
0.00E+00
1.20E-52
4.60E-178

91.9
91.9
96.8
96.9
91.9
97
97.5
91.9

90.6

Match
%
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97.3
97.3
97.3
98.8
93.8
92.2
94.6
85.2
94.4

